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IHTRODUCTION

Myopia may be defined as that refractive condition
in wblch, with accommod:1.tion completely relaxed, parallel
rays of li 0 ht are brought ton focus in front of the
retina.

This state may be brought about by a num1)er of conditions, for example., it may appear in die.tetic patients
due to refractive changes caused b:V alteration of the

water content of the eye and of the vitreous in particular.
~

The rel'1.:':1ct ion may ch'.1nge rapidly with variations

of the hyperglycem-!_::l, glycosuria., end diuresis but it

returns to its original status wher the disturbing
factors a!'e eliminated.

A transitory type

of myopia

ma:r appear during the administr·}tion of sulfa.nilamide

druFs, or 9. myopi9. "T!a:'" result from an in jl'ry to the eye

in which the lense is displaced.

However, the type of

myopiD. we will discuss in this thesis ie that which

without a definitely established cause, usually develops
during childhood or adolescence and progre~ses to a
greater or lesser extent.
When this myopia is of a moderate degree, develops
ou".".'il'.10' 7outh., and comes to a standstill or increases

\.I
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very little at or soon after puberty, it is usually
termed stationary or simple myopia.

In other cases,

~hen the error reaches a considerable height in youth
or increases steadily up to the 25th year or even
later, it is often termed progressive or malignant
myopia.
Numerous theories have been propounded as to the
ori3in and progress of myopia.

In this paper, however,

we will consider only those theori,gs which have been
supported or advanced in the liters.ture of the past

10 years.
Among the factors which have bean held by recent
~

writers to have an effect on myopis. are:

use and

abuse of the eyes, nrowth and heredity, systemic

diseases, posture, thyroid extract, adrenaline,
parathyroid, calcium.,
_
and vitamin deficiencies.
will take up eRch of these fact; or~ in turn.
let us consider the us e-a.buse theory.

'-"

We

First,
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USE-ABUSE THEORY

The recognition of the physical fact that in
myopia rays of light are focused in front of the
retina dates back to Kepler in 1604.

Plempius

in 1632 first examined the myopic eye anatomically
and attributed the condition to a lengthening of
its posterior part.

Ritterich in 1839 demonstrated

a pair of myopic eyes, and showed that they were
pear shaped and that the scleral posterior segment
was thinned.

Arlt in 1856 recorded the measure-

ments of four pairs of eyes:

one pair of minus 3

diopters was normal in its general outline, and
had an axial length of 26.3 millimeters; the
other three pairs had higher refractions, pearshaped forms, and longer axes.

It was on the ,

basis of these findings that the theory that

-

myopia was caused by increased axial length was

-

propounded, and this became one of the established
dogmas of ophthalmology (1).
Cohn in 1866 was the first to stress near work
as a cause of nearsightedness and for a long time
after this the majority of the leaders of ophthalmology
agreed with him (2).

Some of the early writers on
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myopia, one of whom was Von Graefe, thought that
accommodation increased the intra-ocular tension,
leading to thinning and stretching of the posterior
bulbar wall.

However, Hess and Heine disproved this

by demonstrating that even the maximal contraction of
the ciliary muscle does not result- in increased
intra-ocular tension (3).

Near work and the associated

convergence then became the central point in the
use-abuse theory.
Jackson was one of the proponents of this theory.
Let us see what some of his views were.

Jackson in

1935 explained that anyone, who turns in its socket
the eye of a patient rendered unconscious and relaxed
by general anesthesia, will realize that the main
obstacle to free movement of the eyeball is the rigid
optic nerve, firmly attached to the sclera.

This, much

more than the eheok ligaments or the tonus of the
extra-ocular muscles, limits the free movement of the
eyeball.

In convergence this resistance is constantly

added to that of opposing muscles and other tissues.
On the nasal side the tissues are jammed together by
turning in of the eyeball.

On the temporal side the

tissues are put on the stretch; the choroid, with its
va scular nutritive tissue, is pressed between the firm
sclera and the outward pressure of the contents of the
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eyeball.

The posterior part of the eyeball becomes

eakened, atrophied, and then stretching and elongation
results.

These mechanical factors are quite sufficient

to account for the pathologic changes in the region
revealed b y the ophthalmoscope.

These changes are

produced directly by excessive and too long continued
convergence and are the constant and essential lesion
of myopia.
For the elimination of this excessive convergence
Jackson recommends the use of full correction at all
times and also that the posture of the myopic patient
be watched.

Furthermore, he states that as the myopia

becomes high, above six diopters, the over strain of
convergence causes exophoria which goes on toward
divergent squint.

This may require the assistance of

prisms, base-in, or it ne.y go on to divergent squint,
and stopping convergence usually checks what has
previously been progressive myopia.

Jackson concludes

that myopia, in most cases, may be controlled by these
measures (4).
We might mention other contributions pertaining
to this theory.

Newmayer in 1935 states that myopic

patients in sight-saving classes show little or no
progression, and rarely any decrease in vision.

This,

he attributes, in part, to maintaining a full correction
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of the defect (4).
It ha s often been stated that nearsightedness
increases during the early school years.

Harman

found the incidence of myopia in a group of
children to be 5% in the boys and 8% in the girls.
This, he attributed to the fact that the girls
studied harder in school and helped with the
sewing at home (5).
Aylesworth said that of 20 myopic ca ses
attending a sight-saving class in Toronto, 13
had no further progression of their myopia, and so
he favors making use of sight-saving classes (6).
Muse·levich and Zundelevich made a study of
6,000 workers by consulting the records of the
Institute of Hygiene and Labor (in Russia ).

They

found that in occupations requiring the eyes for
near work, 24% of the workers were my opic while
only 14% of workers in other occu pa tions were
myopic (7).
Among the men who in accordance with the useabuse theory have favored full correction and sightsaving cla sse s in the last ten years we might mention
Ha rman (5), Newmayer (4), and Dvorak (8).

Prangen ( 9),

Snell (4), and Dvorak (8) favored limitation of near
work only in case s of high or progressive myopia.
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Among the men who recommended limitation of the use of
the eyes in all myopic patients we might mention
Harman (5), Tooke (4), Lindner (10), Bocter (8), and
Alvarez (11).
Assuming that convergence causes the bad affects
of myopia a number of men suggested the use of atropine
in one eye to do away with binocular vision.
Lancaster suggested the use of a crinkly or ground
glass lense along with the atropine (4).
Other attempts to reduce the convergence and
muaocular imbalance strains led to some very interesting
work with base-in prisms.

Therefore, we will now

examine the literature on the use of base-in prisms
and orthoptic exercises for the treatment of myopia.
Orthoptic exercises actually are not based on the useabuse theory, however, they were often used in conjunction with base-in prisms and for this reason we
will include them in this section.
Graves and Nugent agreed with the proponents of
the use-abuse theory and in _an article published in
1934 they gave the results of the cases in which they
had used base-in prisms.

They mentioned that in 1895

Allen used base-in prisms for the elimination of
pseudomyopia.

Then Thompson began using them 1n 1919,

Graves in 1924, and Nugent in 1929.

Graves and Nugent
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said that their use of base-in prisms was based on the
assumption that all high and progressive cases of myopia
are primarily due to a weak scleral structure which, by
the affect of certain forces, stretches the sclerotic
and results in the elongation of the eyeballs, and
further, that the most active of these forces is that
produced by continued and extreme convergence.

They

also were of the opinion that low grade "school myopia"
if not properly controlled would develop into the

progressive type.
With regard to the results of using base-in prisms
Graves and Nugent state that they have had a sufficient
number of cases treated by the base-in prisms method,
and have had these under observation for a sufficient
length of time to draw the following conclusions:
first, in over fifty per cent of their myopia cases the
correction could be reduced and better acuity given with
greater comfort to the patient; second, a patient
wearing a correction that gives visual acuity of 20/20
or better, can have the same visual acuity with less
correction by using base-in prisms; third, those cases
which do not have 20/20 vision can obtain better acuity
with the use of base-in prisms, but cannot accept a
reduced correction; fourth, they claim that their
records shan that in all forms of progressive myopia,
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the progression can be stopped by the wearing of basein prisms (12).
In an article published in 1939, Thompson and
Nugent further discuss the base-in type of treatment in
cases of axial progressive myopia.

In addition to base-

in prisms they give high vitamin diets, limited near
work, and used the myoculator for special muscle exercises.

They state, "we have found it (their method of

treatment) very successful in all cases of axial progressive myopia; less so in the more complicated types,
but worth trying in all" (13).

It is difficult to de- ·

termine what they mean by "the more complicated types"
of myopia.
Marlow in 1935 published the results of his work
with regard to the etiology of myopia and the use of
base-in p~isms.

In a series of myopic eases, Marlow

noted that among two hundred forty-five patients not
one could be described as having simple myopia.

At

least one of three presumably congenital conditions-astigmatism, anisometropia, and musele imbalance•-was
demonstrable in each.
present.

In many cases all three were

In his experience since then, he has failed

to demonstrate any case of myopia in which all these
conditions could be positively excluded, and he pegan
to doubt if there was such a thing as simple myopia.
"-
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In the ab ove discussion he had reference to cases
of axial myopia only.

He also found that 16%

of hypermetropic eyes were free from astigmatism
and only 3.5% of myopic eyes were free from this
defect.

In regard to muscle imbalance, he found

it necessary to prescribe muscle correction in
the myopic group in 50}6 more cases than in other
forms of refraction.
In a group of cases selected haphazardly,
orthophoria was present in 34%, while in cases
selected on account of progressiveness or
asthenopic symptoms the percentage fell to 24%.
When the patients in the latter group of cases
were subjected to a prolonged occlusion test
·orthophoria disappeared entirely.

It was noteworthy

that 701/o revealed hyperexophoria, a condition
inducing excessive tension of all the muscles,
both straight and oblique.
Astigmatism, ac c ording to Marlow, causes a constant strain of the eyes as they are trying to define
the various details of an object.

Also, he says that

the tension due to automatic efforts to offset muscle
imbala nce is constant and inescapable and it can be
scarcely doubted that the constant excessive pressure
by the extrinsic muscles necessary to maintain fusion,
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acting on a solera of subnormal resistance, is one of
the factors causing myopia to progress.

The pressure

so exerted is of the same nature, though of less
degree, as that inherent in convergence for the near
point, especially for too near a point, but, being constant, may be equal or of more importance.
Then Marlow presented a series of his cases in
which the correction of the error with base-in prisms
greatly reduced or stopped the rate of progressing
myopia and be mentions an occasional case where there
was a diminution of myopia following a correetion of
the muscle imbalance.

However, he mentions that no

cycloplegio had been used in these cases, nor was an
occlusion test done and that therefore the improvement
may have been due to a relaxation of accommodative spasm
following the muscle correction, for an excessive convergence effort may induce an accommodative spasm (14).
Pascal in 1936 considered the question of exophoria
from a different standpoint.

He said that in addition

to axial myopia, due to stretching of the sclera, there
is a slowly progressive low-grade myopia, expecially in
children, which does not seem to be connected with a
stretching process; it seems to be caused primarily by
a permanently increased tonus in the accommodation
center and in the ciliary muscle.

Myopia due to such a
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ypertonic state of the neuromuscular accommodative
mechanism may well be called tonic myopia.
According to Pascal, the close association of
myopia and exophoria has long been recognized and
variously explained.

The current explanation has

been that myopia is primary and exophoria secondary,
the latter resulting from the close interrelation
between accommodation and convergence.

It has been

argued that as the myopic eye has little need of
accommodation, the convergence center is indirectly
weakened by being deprived of the additional stimulus
from the accommodation center.

The result is an in-

sufficiency of convergence for distant vision and more
so for near vision.

However, in many cases at least,

the process is just reversed, exophoria is primary and
myopia is secondary.

It is frequently found that

correcting the myopia has a slight, if any, effect on
the existing exophoria, whereas correcting the exophoria
baa a definite effect on lessening the amount or progress
of the myopia.

He concludes that development in certa:1n

cases of a low degree o.f myopia, appropriately called
tonic .myopia, may be due to a permanent hypertonic condition of the accommodative center produced by primary
exophor1a.
Pascal says that myopia does not tend to develop
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in all children showing exophoria because of the varying
intensity of the association between accommodation and
convergence.

When this association is very close or

rigid, the continuously over-active convergence tends
to produce a hypertonicity of accommodation and resultant
tonic myopia.

When the association is weak, no such

result follows, largely because of a desire for clear
as well as single vision.

It has long been recognized

that the intensity of association between accommodation and convergence varies in different persons.
As a treatment for this condition base-in prisms

might be used but if there is a low degree of myopia
or if the exophoria is not high, for instance four
prism diopters or less, Pascal recommends exercises
which will weaken the association between accommodation
and convergence.

Such exercises given on the ordinary

stereoscope strike at the root of the troµble, whieh is
a "tight hook-up between accommodation and convergence."
Especially in children it is not difficult to loosen
the association.

If these exercises alone suffice, they

are to be preferred to the continuous wearing of baeein prisms (15) (16).
Baum in 1942 after a careful examination of fifty
patients who were checked with phorometer, syntophore,
rotoscope, maddox rod and the method of dissociation
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of images, found that 12 per cent of the myopic
patients showed orthophoria, 40 per cent were
classified as esophoria and 48 per cent were
classified as exophoria.
With regard to the esophoric group Baum found the
following pattern:

first, with the patient fixating at

a distance, a large amount of prism base-out was
required to cause an accommodative blur.

That is, the

patient has the ability to converge without accommodating; second, the physiological exophoria was less than
normal; third, a small amount of prism, base-in, at the
near point caused blurring and diplopia, this latter
data indicating that the patient was unable to
accommodate without converging.
From these points he drew the following conclusions:

first, that the myopic patient who is

esophoric has a close accommodative-convergence relationship and a loose convergence-accommodation
relationship; second, that such a patient cannot
accommodate without converging, but that he can converge without accommodating.

Or to state it different-

ly, when the patient accommodates his convergence is
immediately and actively called into play, but when
this patient converges, his accommodation is not
immediately and actively called into play.

15

The exophoric group showed a pattern that was
exactly the opposite.

When the exophoric patient was

fixating at a distance, a very small amount of prism
base-out, caused a definite and marked accommodative
blur.

This indicated:

first, that the patient was

unable to converge without accommodating; second, the
physiologic exophoria was greater than normal; third,
at the near point, large amounts of prism, base-in,
could be tolerated before diplopia occurred.

These

latter points showed that the patient could accommodate
without converging.
From these points Baum drew the following conclusions:

first, that the myopic patient who is

exophoric has a close convergence-accommodation
relationship and a loose accommodation-convergence
relationship; second, that such a patient cannot
converge without accommodating but that he can
accommodate without converging.

Or, to state it

differently when this patient _converges, his accommodation is immediately and actively called into play; but
when he accommodates, his convergence is not immediately
and actively called into play.
Baum made a special study of a group of 9 of his
patients, who ranged in age from 10 to 19 years
and who had an amount of myopia ranging from 1.5
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to 6 diopters.

Of this group 8 of the 9 had been

previously under his care and their myopia had been
progressing until the time when treatment was
started.
Orthoptic exercises were used with these patients
in an effort to determine whether or not correction of
the muscle imbalance might have a favorable influence
upon the progress of the myopia.

Two of the patients

were under treatment and observation for a period of
9 months; 4 for a period of l year; and 3 for a
period of 2 years.

Baum does not give a detailed

description of the methods of treatment he used,
but the underlying principles were:

to correct the

abnormal convergence-accommodative relationship, for
example, in the exophoric type to train the P3-tient to
converge without acconnnodating; to shift the abnormal
exophoria or esophoria toward normal; and to attempt
to stimulate and develop the negative phase of
accommodation.
None of patients showed any increase in the amount
of myopia during the period of time they were under
treatment and observation, nor did he find any definite
reduction in the amount of myopia in any case.

Before

the orthoptic treatment some of the patients, for 20/20
distance vision, required stronger concave lenses than
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their correction under atropine indicated they shouid.
After treatment these patients could obtain 20/20 vision
with their atropine correction (which remained unchanged)
and the strength of ~he lenses which they were wearing
could thus be reduced, however, in no case was he able
to obtain 20/20 vision with a weaker lens~ than that
required at the original atropine correction.
The fact that the progress of the myopia ceased in
all cases in which the muscle imbalan9e was corrected
by orthoptic treatment led Baum to conclude that this
type of orthoptic exercise is of definite value in the
control of the cc:mmon type of functional myopia seen in
children and young adults (17).
Chance, Ogden, and Stoddard in 1942 mentioned that
statements had appeared concerning the so-called convergence-accommodation reflex, in which, when convergence
under fusional stimuli occurs, there is usually present
an associated accommodation.

Theoretically, if base-in

prisms were incorporated in the corrective prescription
it would, under the demand of fuaional stimuli, reduce
the convergence necessary for binocular vision and also,
on the basis of the above mentioned convergenceaccommodation reflex, tend to inhibit accommodation.

If

in addition to this, corrective lenses are of such power
as to result in an undercorrection of the existing myopia
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there may be pre sent a further tendency to inhibit
a c c ommodation in the interest of clear vision.

Further-

more, because of work showing that the sympathetic
nerves also act on the ciliary body , although only to
the amount of lessening the refraction b t one diopter,
they thought there mig ht b e a possibility of lowering
the basic atropine refraction by an amount of one
diopter.

Because of these considerations they felt that

a carefully controlled study should be made to determine
if marked undercorrection and base-in prisms did decrease
myopia.
For subjects they used 13 resident students at
the University of California.

Of the 13 subjects,

11 showed a negligible change in the refractive
state under cycloplegia (less than one-quarter diopter);
the other two showed changes from myopia of low
de gree to a slight hypermetropia in one case, and to
a lower degre e of myopia in the other.

The condition

in the latter two subjects they considered as pseudomy opia, the other eleven cases they · considered as
exhibiting true myopia.
Each student was then g iven glasses incorporating
a spherical undercorre ction of the myopia of the order
of l diopter and from 4 prism diopters to 6 prism
diopters of total base-in prism.

These glasses
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were worn constantly for three months for all visual
acts.

In an attempt to enhance the effects of the
refractive correction during this period, the students
came three times a week for orthoptie training.

For

the orthoptic training the subject observed a Snellen
chart at a distance of fifteen feet through his glasses.
This chart could be alternately illuminated or darkened.
The patient attempted to clear up a line on the Snellen
chart that was one or two lines below the line that was
clearly seen.

These orthoptic periods lasted about

fifteen minutes, including three or four short rest
periods.
The following results were obtained.

In the case

of the eleven subjects who exhibited true myopia no
change in the refractive state was obtained, whereas,
in the case of the two classed as pseudomyopia the
myopic state was eventually reduced to the cycloplegic
refractive state.

Several of the students who had true

myopia showed an increased visual acuity, as measured
on the Snellen chart, with no change in either the
subjective or objective refractive state.

This was

found to be an increased ability to recognize blurred
outlines of similar objects as a result of practice.
Six of the subjects reported that during the time
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they wore the lenses they were able to study longer
without fatigue.

Chance, Ogden, and Stoddard state

that this seems an expected result, as neither
convergence nor accommodation demands were as great at
the near point with the glasses as without (18).

21

BIOLOGIC THEORY

The biologic theory is that theory which
attributes the origin and development of myopia
to growth and heredity.
It has long been known that there was some
type of relationship between myopia and heredity.

We might mention some of the information which has
been offered on this subject.
Butler, after examination of a large series,
concluded that in about 50}& of the cases myopia is
either a hereditary or a family condition.

He adds

that th~ optical characteristics of one eye may be
inherited from the father's side while those of
the other eye may be inherited from the mother's
side.

He states that he can practically tell what

the refraction of a child's eye will be by an
examination of near relatives of the child (19).
He also states that he has seen cases of malignant
myopia with advanced fundus changes in Bedwan Arabs
who had never done any near work (5).
Clark mentioned some of the figures which
Weinberg had collected.

Weinberg examined the

brothers and sisters of 31 myopes whose parents were
not myopic and discovered 3 to be myopic.

When one
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parent was myopic, of 12 patients, 6 were nearsighted individuals.

These figures, he thought,

harmonized with the calculated standard for a
recessive characteristic (20).
Paul in a report on a study of over 4,000
individuals belonging to 878 families, concluded
that where both parents are emmetropic, at the
most only 10% of the first filial generation are
myopic.

If one parent is myopic, this percentage

of myopia in the offspring increases to 30%, and
when both pa.rents are myopic, to 6()%.

In affected

families there are about 12~ more myopic men than
myopic women among the descendants.

High degrees

of myopia, however, occur more often in women than
in men.

A sufficient number of mothers with high

myopia have been observed to establish that in
families•with highly myopic mothers, many more
highly myopic children occur than in families
where the mothers are emmetropic or mildly myopic.
But mild myopia in the offspring of these families
is infrequent (21).
Jaensch did not think that myopia was congenital,
but thought that it had a congenital "anlage", and_ that
the influence of heredity was established beyond doubt.
According to him, the mild degrees of myopia under six
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diopters seem to follow the dominant type of heredity
while the high and progressive types have been found
in the majority of cases to be recessive (22).
Harman in 1938 stated that there was a family
history in 32% of a group of high myopic individuals.
Sorsby then pointed out that this suggested that
myopia was possibly a recessive characteristic as
25% would be the expected number for such a
characteristic (5).
Also, it has been noted that myopia seems to
follow a rather definite c ourse, that is, in the vast
majority of cases it begins as a hypermetropia which
gradually changes to a myopia of a certain degree and

-

-

then stops.

Let us now con&ider some of the work done

on this phase of the problem.
Brown plotted a curve showing the average increase
of myopia per year of from 200 to 800 cases.

This

curve showing the rate of increase of myopia seemed
to follow very closely the curve of the rate of body
growth in the corresponding years (2).
Hayden found that at the United States Naval
Academy, to be sure tbat men would have ennnetropia after
four years at the academy, it was necessary for the
Midshipmen to have a hyperopic reserve of at least one
diopter of hypermetropia at. the time of admission (23).

24

Wilson gives some interesting figures in which he
shows the incidence of myopia to hypermetropia in the
various age groups.
RATIO OF CASES OF
HYPERMETROPIA TO MYOPIA

AGE GROUP

e

Under 7 years
7 to 10 years
11 to 14 years
15 to 17 years

4.6
3
l

to
to
to
to

l
l
l
l

These figures bring out the trend of the eye toward
myopia as the age increases (24).
A number of theorys have been offered explaining
the relation of heredity to myopia.
Lipschutz held that there is a type of myopia due
to passive stretching of the posterior pole and that the
progress of this type could be stopped by the proper
treatment.

Then, he said that there was another type

of myopia due to an active overgrowth of the tissues of
the eyeball and that this type was purely a heriditary
type and its course could not be altered (25).
Weiner concluded that myopia increases during the
period of greatest body growth whether or not the eyes
were used for close work.

He said that progressive

myopia does not necessarily mean a stretching of the
scleral or corneal walls, for there is a type which is
due to heredity and consists of an anatomical
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prolif'eration of cell tissue of' the walls due to
over-stimulation.

He considers that one inherits the

shape of his eye from his pa.rents as he does other
bodily characteristics (4) (26).
Among the men who said that at least a certain
percentage of myopia is due to heredity were Tooke (4),
Snell (4), Lawson (5), Prangen (9), and Fritsche (27).
Clark mentioned the work of Wood who theorized
that the hereditary defect in myopia consisted of the
absence of the circular fibers of Muller.
part of the normal ciliary muscle.

These are a

Muller's muscle

consists of 1/10 of the ciliary muscle in the
emmetropic eye ,; 1/3 in the hyperopic eye and in
high myopia this muscle is deficient or entirely
absent.

Wood said that this absence of Muller's muscle

is present at birth (20).
Henderson in 1934 gave the following explanation
of the development of the eye.

At about the fifth

year, the cornea and the anterior half of the eye have
reached their full size.

During the intervening years

the axial gr owth of the eye takes place slowly behind
the equator by a retrocession of the posterior pole.
One can regard the growing scleral tunic of the child's
eye as slowly giving way posteriorly before the normal
pressure of the eyeball, until the physiological and
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ennnetropic dimensions of the eyeball are reached at the
age of puberty.
He further explains that we know little about the
factors that determine normal growth in the body
generally, and still iess of those that determine size
in any particular organ.

Should the connective tissue

of the posterior pole cease to grow and expand at any
time between birth and puberty, then the axial length
of the eye will be below normal, and hypermetropia will
result from such an arrested state of development.

A

hypermetropic eye is an undersized eye because of
arrested development.

The converse of this takes place

in myopia where the globe is over sized and over developed.
Henderson held that 111 health and lowered vitality,
by interferring with and diminishing the power of
resistance of growing supporting tissues generally,
will similarly affect the growing and relatively soft
connective tissue of the posterior pole of the sclera
and cause it to give way before the normal intra-ocular
pressure.

Such a globe will not only reach the ordinary

emmetropic limits of size long before they are due, but
will rapidly over-step the bounds, and the optical and
pathological results will become manifest in myopia.
. In Henderson's opinion, myopia should be included
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in the same category as other bodily defects, as spinal
curvature and flat foot, which arise, most frequently
during the growing periods of life from weakness in the
supporting framework.

With regard to heredity, it is

not the myopia, as myopia, that is hereditary, but the
constitutional debility which poor stock will transmit
which is hereditary.
He maintains that the _pressure of the eye in these
cases is normal and neither accommodation nor convergence have any effect in raising the intra-ocular
pressure.

This can be proved, according to Henderson,

by watching the veins on the optic disk while the
patient converge~ and accommodates.

No change in the

veins occurs while the patient accommodates and converges yet if one touches the upper lid making slight
pressure on the eyeball the veins on the fundus
immediately contract.
Also, if raised intra-ocular pressure took any
part in the causation of myopia one would expect to
find cupping of the disk as the lamina cribrosa is the
weakest point on the eyeball, but this cupping does not
occur in myopia (19).
However, it is Sorsby who gives the most complete
and convincing explanation of the Biologic Theory, and
his work is well worth detailed consideration.

He
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published articles on this theory in 1934 and 1938.
Sorsby begins his discussion with an excellent
historical review of the development of the biologic
theory of myopia.

Donders in 1866 was impressed with

heredity as a cause of myopia.

In 1895 Schnabel and

Hernheiser, in an examination of 23 e:mmetropic eyes,
found axial lengths ranging from 22 to 25 millimeters, while in 12 eyes myopic from 2 to 8 diopters,
the axial length ranged from 23 to 26 millimeters.
These observers concluded that since in low and
medium myopia the axial length fell within the
range seen in emmetropia, axial length is not the
only determining factor in these degrees of myopia,
though they accepted axial elongation as a factor
in myopia over 10 diopters, since in 16 eyes with

.

this type of myopia the axial lengths varied between
27 and 32 millimeters, i.e. beyond the range in
emmetropia.
It had been taken for granted that the lens was
for all practical purposes a constant.

However, in

1902 Auerbach collected about 70 measurements of
the radii of curvature of the anterior and posterior
lens surfaces recorded in the literature, and this
collected material showed the lens to possess a considerable range of refrac tion.

Zeeman in 1911 held
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that the lens has a range of variation of fourteen
diopters and more recently Czelliter in 1927 came to a
similar conclusion.
Steiger's work in 1913 constituted the first valid
challenge to the theory of axial elongation.

Steiger

advanced a biological conception for the origin of
ametropia.
It is well known that a large number of measurable
quantities in nature plot out readily on a binomial
curve, in its pure form or some modification.
elaborated this approach for refractive errors.

Steiger

In his

unifying conception, instead of regarding myopia as a
distinct process, Steiger considered it as a physiological variation on a curve of frequency which could
be constructed around a mean.

Several such curves have

been constructed and they show a peak consisting of
refraction approaching emmetropia, and a dwindling
frequency of errors, the greater the deviation from
this peak-refraction.
In the original view of Steiger, it was held that
myopia is simply the antithesis of hypermetropia, and
that individuals are myopic or hypermetropic by the
same chance variations as people are tall or short.
Sorsby, however, states that Steiger 1 s hypothesis, which
regarded myopia as a physiological variation, is hardly
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tenable.

If, as Steiger believed, errors of refraction

are nothing but var_iables on a curve of frequency, they
should plot out on a theoretically derived binomial
curve.

Such a curve is rather broad and flat, but the

curves of frequency of refractive errors show two
important departures from this theoretical curve, one
being that there is considerable elongation of the
myopic limb of the curve, with no counterpart on the
hypermetropic side, and the other that the peak, showing
refractions approaching emmetropia, is distinctly sharp.
As regards the elongation of the myopic limb of the
curve, it has been shown that a much more symmetrical
curve is obtained if myopic eyes showing crescents and
other fundus changes are excluded from it, or, alternatively, if eyes with myopia of over six diopters are
excluded.

On the basis of this it is being argued that

there are two types of myopia--one a physiological
variation, the other a pathological process.
Attempts to explain the peak towards emmetropia
have been fruitful 1n bringing forward the illuminating
conception of correlation.

Obviously the different

components of the total refraction are not free
variables, but some process of correlation must take
place to bring about the excess of refractions approaching emrnetropia.
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Also, if post-natal correlation is a process of
emmetropization, the curve in newborn infants should
be more truly binomial.

As regards a curve of frequency

in the newborn infant, Wilbaut has constructed one on
the rather conflicting and mainly German data of four
different observers, and finds that it does indeed
assume a more typically binomial form .
Recently Dunstan has questioned altogether the
validity of arguing from the symmetry or otherwise of
a curve of frequency.

Pointing out that it is the

exception rather than the rule for measurable quantities
to conform to a true binomial curve--measurements generally plotting, out on mathematical curves of other types
than the true binomial--he holds that it is unjustifiable to argue for the existence of a pathological type
of myopia in addition to a physiological type, because
of the asymmetry of the curve of distribution.
Steiger, furthermore, held that the corneal
refraction (which he found to range between 38 and
48 diopters) and axial length are disjointed, freely
variable components of total refraction, that
these components are determined by heredity,
and that the chance union of these freely variable
factors would produce the whole gamut of refractive
errors.

In support of such a view is, of course,
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the fact that an axial length which would produce
emmetropia with a cornea within normal range of
corneal refractions would produce myopia or hypermetropia with a cornea of different refractive power,
but still within the normal range; the same axial
length may be a component of a refraction of plus
6 diopters or minus 9 diopters.That the cornea itself' varies largely in
refractive power in emmatropia is well established.
Tron gives a range between 37.00 diopters and 48.14
diopters.

This, together with the wide range of

lens refract ion and the finding of

0

emmetrop1c 11

axial length in myopic eyes, ·raises a question
as to the significance of axial elongation in
myopia.

Direct measurement of the axial length

of the myopic eye in life is at present impossible,
but Tron has shown from analysis of the total refraction of the eye and its individual components-measurements of corneal and lens refraction and
deduced axial length--that only in 30.2 per cent
of ametropia is the axial length outside the limits
of the distribution for emmetropia, and that this
percentage is very drastically reduced if hypermetropia
over 4.0 diopters and myopia over 6.0 diopters are excluded.

In fact Tron 1 s work shows that axial length is
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a factor of extreme importance in the higher degrees of
both hypermetropia and myopia, and of practically no
importance in the medium and low refractive errors,
these being caused by varying combinations.
Sorsby continues his discussion of this problem
by bringing up the point that the emergent tendency
to regard the myopic eye as just a different physiological combination of the same components as are
found in the hypermetropic and the enunetropic eye finds
a real difficulty in the clinically established fact
that the myopic eye in childhood undergoes greater
changes in refraction than the hypermetropic eye.

No

unifying conception of refractive states can be fully
valid if this factor of a different behavior of the
myopic and the hypermetropic eye is also valid.
There is, however, a larger problem which must
be considered in relation wit_h this problem of the
increase in refraction in the myopic ey~ in childhood-the question of the changes in the total refractive
Eower that the normal eye undergoes during the process
of &rowth.
The eye of the newborn infant is generally said
to have an axial length of 16 millimeters; by the
age of eight the eye is held to have grown to its
adult dimensions, that is, to about 24 millimeters.
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If' one assumes that the anterior segment of the eye

undergoes no change in its refractive power during
this process, it is clear that the elongation of the
eye by 8 millimeters must be accompanied by 30 and
40 or more diopters.

This is hardly the case.

While

no unquestioned mean of refraction ha s been established
for newborn infants, the available evidence all shows
that the majority have hypermetropia of about 3
diopters.

Presumably, therefore, changes of no mean

order must occur in the anterior segment if, in spite
of the elongation of the eye, no radical change takes
place in its refractive power.

According to Holm the

cornea gains 4 diopters in refractive power during
childhood.
Tron concludes that great variations occur in the
power of the components of total refraction in emmetropia in the adult.

He gives these values _:

Refraction of the cornea
Refraction of the lens
Refraction of the eye
Axial length

37.00
21.19
57.47
20.46

to
to
to
to

48.14
34.09
72.10
25.46

diopters
diopters
diopters
millimeters

These figures raise the questions as to whether
similarly wide excursions are to be found in the growing
eye, and as to what exactly are the changes that take
place in these different component s during the process
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of growth.

Obviously there must be some correlation

in these changes if an increase of eight millimeters
in the axial length of the eye is not to lead to myopia
of high degree in every case.

An increase in refraction

in the cornea and lens and a decrease in the depth of
the anterior chamber may each produce myopia, while
still remaining within the limit of normal varia tion,
and while the axial length has not increased.
With regard to fundus changes in myopia, apart
from the staphyloma posticum verum, which is perhaps
beat regarded as a hereditary deformity of the posterior
pole of the eye, analogous to such deformities as
megalocornea anteriorly, the fundus lesions in myopia
fall roughly into two groups--temporal crescents and
central changes.

The difficulties of a mechanical

explanation are more obvious in the case of central
changes than in temporal crescents, for central changes
appear in myopia in middle life, long after the myopia
has reached its climax.

There is no increasing myopia

when the sudden haemorrhages and transudates make their
appearanc e in adult life, and centr al changes are a
rarity in childhood when myopia is actively progressing.
Temporal erescenta have been regarded as pathognomonic
of myopia, but thei~ existence in othe~ refractive states
is not an unconnnon experience, and their association with
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congenital inferior crescents is not an infrequent
occurance.

While some observers, like Harman, see

in the extent of the crescent an indication of the
activity of myopia, others, Von Szily in particular,
regard these crescents as congenital abnormalities
becoming more manifest during childhood.
Also, since the family trees of myopes with
detached retina have been collected, it is becoming
clear that it is not the myopia, with its considerable
variations in degrees, which is responsible for
detachments in such families.
Difficulty arises in the classification of
pathological myopia on a basis of axial elongation.
Presumably physiological myopia would show an axial
length which falls within the normal range of
20.46--25.46 millimeters that Tron gives for the
emmetropic eye.

A difficulty arises in that a

myopic eye with extensive fundus lesions may have
a short axial length.

Tron reports a case of myopia

of 20.0 diopters with typical myopic fundus sesions
in an eye of only 22.39 millimeters in length.
The solution may well lie in the possibility that
fundus lesions and axial elongation are dissociated
phenomena, which frequently, but by no means always,

37

are coupled genetically.

This would explain the

antithetical difficulty of elongated eyes without
fundus changes.
Sorsby also mentions the fact that when it was
noted that the incidence of myopia in Jewish children
in London at the school-leaving age is about double
that of Gentile children, the refractive state of the
t wo groups of children at the beginning ' or school life
was determined.

It was found that the curve for Jewish

children is decidedly flatter, i.e . the mode of refraction is on a lower hypermetropic level, and the
whole curve is tilted towards the myopic side (1)(5)(28).
Stocker in 1942 discussed the theory of Vogt on
the development of the eye.

Vogt took as his major

premise the fact known in embryology that the principal
part of an organ always determines its size and shape
and that the surrounding protective tissues accommodate
themselves to that shape, just as the size of the brain
determines the size of the skull.

So the retina, which

undoubtedly may be conside red the predominant functioning
element of the optical apparatus and ls, indeed, but an
outpost of the brain, may determine the size of the bulbus.

A retina with much inherent growing power, there-

fore, would predetermine a long eyeball a nd produce
myopia, while a retina with less grc:1Ring power might
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cause the bulbus to be small, with emmetropia or
hyperopia.
Stocker made a careful study of a myopic eye in
an attempt to ascertain whether the growing power of
the retina is the determining factor in the pathogenesis
of myopia and he concluded that this theory is true.
This conclusion was partly based on the fact that he
found the sclera was thinned and the bulbus elongated
while the retina showed no pathologic changes.

He

assumed that the layer which was being stretched would
degenerate sooner than the layer which was producing
the stretching.
This theory fits in very well with Sorsby's theory
because Sorsby had said tba.t there must be some coordinating factor in the growth of the eye and we can
assume that this coordinating factor is the retina.
Stocker, also, ·says that it seems possible that
each coat of the bulbus, retina, choroid, and sclera
has its own inherited potential of growth.

In the

majority of persons, there exists enough coordination
to secure the development of an eye which is emmetropic
or nearly so.

In myopia there would be incongruence of

growth of the different constituents, not only resulting
in an abnormally long bulbus but producing the various
anatomic phenomena observed in myopia.

An inherited
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degenerative factor may produce chorioretinal atrophy
similar to senile changes.

Moat probably myopia and

its constituent attendants are not a hereditary unity
but a combination of individually varying factors which
may or may not result in a manifestation of myopia.
Thia may explain the dif'ficulty of establishing the
definite course of heredity in myopia (29).
Let us see how the biologic theory baa affected
the ideas on the therapy of myopia.

Cowan in 1942 gave

a very interesting discussion of myopia.

He states

that a great many opthalmologista seem to see no

'-..

difference between typical my opia and a diseased eye
that happens to be associated with myopia.

While most

ophthalmologists rightly agree that typical myopia and
pathologic myopia are separate and distinct conditions,
there seems to be a wide diversity of opinion regarding
the line of separation between the two fundamental
classes.

Some classify the mild degrees of myopia as

typical and the high degrees as pathologic, regardles s
of whether or not there is evidence of disease.

Others

would divide them according to the rate of increase,
placing the stationary or slowly progressive cases in
the benign class and the more rapidly progressive ones
in the pathologic or malignant class.

But Cowan believes

that myopia is simply an anomoly of refraction as long
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as there are no symptoms of disease and normal vision
and normal visual acuity can be obtained from proper
correcting lenses.
Cowan states that the terms pathologic, malignant,
and pernicious myopia should no longer be used.

They

indicate some disease that occurs in a myopic eye or
that happens to result in myopia.

These eyes may

eventually go on to blindness, but because of the
disease, not because of the myopia.

So called patho-

logic or malignant myopia is pathologic from the
beginning.

Cowan, also, says that he has never had,

or been shown, a case of simple myopia in a healthy
eye that developed into the so-called malignant type.
The management of myopia, according to Cowan,
depends on whether one is dealing with a simple anomaly
of refraction or with a disease.

There is no way to

regulate the growth of the eyeball and full correction,
base-in prisms, or avoidance of near work have no
effect on this normal developmental process.

Cowan

uses full correction only for the purpose of obtaining
best visual acuity.

If the patient does not care to

wear his glasses all of the time there is no reason why
he should (30).
Now, let us evaluate the points in the use-abuse
theory, which holds that refractive errors are caused
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by school work and convergence and those of the biologic
theory which stakes everything on heredity and growth.
The proponents of the use-abuse theory, of whom
Jackson was one, held that myopic patients, when doing
close work, tend to converge their eyes excessively
because of the short distance at wh ich they can see
clearly.

This convergence causes the pathologic fundic

lesions, often found in myopes, because of the fact
that in extreme convergence these tissues of the fundus,
on the nasal side, are jammed together and on the
temporal side are put on the stretch by the rigid optic
nerve.

The choroid, with its vascular nutritive tissue,

is jammed between the firm sclera and the outward
pressure of the contents of the eyeball.

The result is

a weakening of the posterior part of the eyeball and
this subsequently gives way before the normal intraocular pressure.
Marlow said that the efforts of unbalanced extraocular muscles to maintain fusion results in increased
pressure on the eyeball.

This continuous pressure,

acting on a sclera of subnormal resistance, causes an
elongation of the eyeball.
Harman pointed out that myopia often begins in
children at the school age which is the time when they
begin to use their eyes for close work.

Also,he said
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that myopia is often found in persons engaged in close
work.
The supporters of the use-abuse theory maintain
that full correction acts specifically to reduce or
stop the rate of progression of myopia by reducing
excessive convergence.
Now let us see wba t the proponents of the biologic
theory have to say with regard to the above mentioned
points • . They point out that the central fundus changes
in myopia appear · in middle l _ife, long after the myopia
has reached its climax.

The temporal crescents are

often found in other conditions than myopia.

Also, as

Knighton points out, high myopia can exist without
fundus lesions and fundus lesions may be found in
association with myopia of low degree (31).
Ellett cites a case of a boy ..

who ., after the

loss of one eye, had myopia develop in the other (30).
Certainly there was no convergence in this case.
With regard to Marlow's conclusions on the effect
of pressure of the extra-ocular muscles on the eyeball,
let us consider again what Henderson has to say on this
subject.

He states that neither accommodation nor

convergence has any effect in raising the intra-ocular
pressure.

This can be proved, according to Henderson,

by watching the veins on the optic disk while the

43

patient converges and accommodates.

No changes in the

veins occur while the patient accommodates and converges,
yet, if one touches the upper lid making slight pressure
on the eyeball the veins of the fundus immediately
contract (19).
Marlow's views on the effects of astigmatism have
also been questioned.

Gillesen reported that he had

examined 400 school children with myopia and astigmatism.

In 93% the myopia remained stationary or showed

an insignificant increase.

In 400 other children

wearing simple spherical correcting lenses, the myopia
increased in 92% of the cases from 0.15 to 5 diopters.
Of 300 children with high myopia (12 diopters or more
of myopia), 93.5% had no astigmatism.

Gillesen con-

cluded that even if this number does not definitely
prove that astigmatism is a controlling and inhibiting
factor in the evolution of high myopia, it indicates
that one is not dealing with a mere coincidence.
Further research is desirable to determine in what
way astigmatism checks the progress of myopia (32).
The argument that myopia increases during the early
school years may be answered by pointing out that the
progress of myopia often stops at fifteen to sixteen

44

years of age although the amount of near work may
increase at that time (2).
While it may be true that a higher percentage of
myopes than ennnetropea or hyperopes are engaged in
occupations requiring close work, this may be an effect
of myopia rather than a cause.
Also, proponents of the biologic theory wonder
why myopia of high degree develops among those who
never d o close work (50).

However, Marlow answers

this by his theory that in cases of ocular muscle
imbalance, pressure may be exerted constantly by tense
extrinsic muscles in the interest of fusion for all
distances ( 14).
Jackson's enthusiasm for full correction as a
means of controlling progressive myopia is not shared
by all ophthalmologists.

Rolett found that seventy-

three per cent out of a group of seven hundred seventytwo myopic patients showed a tendency to progress
despite the fact that all of these patients were full
correction at all times (3).

Advocates of the biologic

theory use full correction simply for the purpose of
obtaining the best visual acuity and not as a specific
means of stopping the progress of myopia.
Heredity definitely seems to have something to do
with myopia, but exactly how heredity enters this
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picture it is difficult to say.

Different types of

myopia may have different hereditary characteristics.
As we have seen, several versions of the biologic
theory have been offered, but Soraby 1s description
based on the original work of Steiger, is by far the
most complete and convincing of those offered.
Stocker's conclusions, based on the work of Vogt, that
the retina is the controlling element, fits well with

-

---------

Sorsby1s discussion.

Now let us consider the work done with base-in
prisms and orthoptie exercises.
Graves, Nugent, and Thompson were attempting to
stop progressive myopia by reduction of convergence.
Essentially they were in agreement with the use-abuse
theory of myopia and they simply went a step further
than using full correction.

Marlow was also in agree-

ment with the use-abuse theory but instead of blaming
excessive convergence he thought that muscle imbalance
causes the extrinsic muscles to exert constant and
excessive pressure to maintain fusion.

The pressure so

exerted is of the same nature as that inherent in
convergence.
Pascal, Baum, Chance, Ogden, and Stoddard had a
different basis for their experiments, namely, they
were concerned with the supposition that the association
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between convergence and accommodation may result in
myopia.
Pascal and Baum used orthoptic exercises to
eliminate this association between convergence and
accommodation, while Chance, Ogden, and Stoddard
attempted to reduce the convergence, and thus the
accommodation, by the use of base-in prisms and
undercorrection.
The results, \\bich they state that they obtained
are interesting.

Graves, Nugent, Thompson, and Marlow

all claimed that certain of their myopic cases had a
reduction in their degree of myopia.

However, these

cases were probably cases with pseudomyopia and were
simply brought down to their basic atropine refractive
states.

Baum and Stoddard showed that this could be

done, for they were the only writers who found the
refractive states of their patients under atropine
before and after their experiments.

Although Baum and

Stoddard were able to bring the pseudomyopic patients
down to their previous atropine refractive states, in
no case could they actually lower the degree of true
myopia.
Graves and Nugent claimed that all forms of
progressive myopia ~~uld be stopped by the w.!::! ing of
base-in prisms.
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With regard to the claims of Graves and Nugent,
the theoretical basis of their form of treatment rests
on a very insecure foundation, namely, that convergence
causes myopia.

Also Marlow did not get .such definite

results with the use of base-in prisms.

He merely

asserted that the base-in prisms greatly reduced or
stopped the rate of progressing myopia.
Baum too, states that all of his nine myopic
cases had no further progression of their myopia
during the period of their treatment with orthoptic
exercises.

With re gard to this, it might be mentioned

that this is a rather small number of cases and also
their period of observation ranged only from nine months
to two years.
When consider i ng the claims of Graves, Nugent, and
Baum, one should keep in mind that myopia is a disease

-

or condition that tends to stop of its own accord at
some point or it may only ~top for a period of time and
then progress again as Laval has pointed out (34).
Chance, Ogden, and Stoddard mention that six of
the thirteen subject s who used undercorrection and basein prisms stated that they were able to study longer
without fatigue during the period they were under treatment.

When subjective improvement is noted in experi-

ments like this, one wonders if bread pills also would
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have given some benefit.

Chance, Ogden, and Stoddard

also mentioned a lack of progression of myopia in their
subjects during the time they wore base-in prisms and
used orthoptic exercises, but the period of treatment
was only three months.
Some of the recent writers, as Cowan, do not
think that base-in prisms or exercise of the extraocular muscles have any effect on myopia (30).
While the results,claimed by Baum, Graves and
Nugent are rather spectacular, because of the above
considerations, one should be careful in accepting
them as final.
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SYSTEMIC DISEASES

An association of myopia with various systemic
diseases has been noted.

Lemoine and Valois mentioned

I

that some cases of myopia were due to infectious
disease s such as tuberculosis

They

state that they obtained good results by treatment
of these patients with tuberculin and antiluetic
therapy (36).

Fritsche also reported on the increased

incidence of myopia in congenital luetic patients (27).

-

Rolett thought that ill health might have a detrimental
effect on the c ourse of myopia (3).
These authors are referring only to certain cases
of myopia and, therefore, their suggestions do not refer
to myopia as a ·whole.

50

BODY BUILD AND POSTURE

A number of men have suggested a relationship
between myopia, body build, and posture.

Henderson,

as we have previously pointed out, thought that axial
myopia and poor posture were both the result of a
hereditarily lowered resistance of the sµpporting tissues of the body (19).
However, Muselevich, Zundelevich, and Fradkina,
after a study of the records of six thousand workers
examined at the Institute of Hygiene and Labor (Russia),

-

could find no relation of myopia to flat feet or type
of constitution (7).

-

Frank, in a report on five hundred patients examined at the dispensaries of the Berlin Eye Clinic,
concluded that the structure of the body in myopes is
predominantly more slender, in hypermetropea broader.
The so-called growth myopia mostly of low degree,
appears at school age, chiefly in tall slender persons.
The deleterious forms of myopia noticeable in early
youths are more frequent in individuals of short, even
dysplastic bodily structure (37).
Le~insohn in 1936 presented the following arguments to support his theory that myopia is caused by
a bending forwards of the head.

He states that he and
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others have demonstrated that the eye drops when the
body and head are bent forward.

Also, he observed

that it was possible, in most instances, to make apes
myopic by keeping them in a horizontal position.
Furthermore, he says that a rubber ball attached to a
string will alter its contour at that point where it
is connected with the string, if it is suspended and
if the center of gravity is displaced (38).

However,

Bucklers, Scheerer, Marchesani, and Jablonski repeated
the same experiments and disagreed with Levinsohn's
conclusions (3).
Lipschutz in 1935 held that the eye does not
assume a pearlike shape as Levinsohn states it did when
the head is bent forward but that the eye merely moves
forward in its socket.

If the protrusion were the

sequel of an elongation of the eye, there should be an
increase of refraction in stooping and the patient
should complain of blurred vision.

Nothing of the kind

happens.
But Lipschutz says that when one examines a
patient's fundus with an opthalmoscope as the patient
bends his head forward, in some cases one sees the
retinal veins become congested although at other times
they do not change.
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Lipschutz 1 s explanation of this is that in bending
the head forwards, the venous outflow of the eye will
be largely transmitted from the cavernous sinus and the
pterygoid plexus to the angular and facial vein.

I.f

this anterior way of drainage becomes insufficient, the
venous exit pressure in the eye and consequently the
intra-ocular pressure will rise.

At the same time the

orbital veins will become engorged and the pressure
of the orbital tissue will increase.
This congestion leads to compression of the
nutrient ciliary vessels entering around the optic
disk.

The retinal vessels are protected by being

embedded in the optic nerve.

The compression is most

effective at the point where the vessels enter the
globe as they are fixed here and cannot evade being
pressed against the hard eyeball.

The direct action

of the pressure on the tissue elements is of less
importance than the interference with the blood supply
by compression of the vessels.

Thus, atrophy of the

posterior part of the sclera and of the choroid may
result and the posterior pole of the eyeball undergo
stretching, as it can no longer withstand the normal
intra-ocular pressure, due to its poor nutrition.
Lipschutz adds that this explanation holds good
only for the myopia that is due to passive stretching
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of the posterior pole.

However, there is a myopia

which is the result of an active overgrowth and which
is characterized by its association with a normal
fundus and a normal function.

The genesis of active

overgrowth can be considered only under the aspect of
heredity (39) (40).
Which of these theories, if any, are true, I do
not know, however to me, Lipschutz 1 s explanation
sounds the best of those presented.

If a myopic

child has markedly poor posture, it seems to me that
it would be wise to attempt to correct this condition
even though it may not effect the myopic condition.
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THYROID EXTRACT AND ADRENALINE

It has been thought by some men that myopia is
linked up with endocrine disturbances.

Certain writers

have claimed beneficial results with the use of thyroid
extract.

Others have concluded that the instillation

of adr enaline into the eye has a very favorable effect
on the course of myopia.

Let us examine some of the

literature on this.
Weiner believed that basal metabolic tests have
a definite value as a large percentage of cases of
progres s ive myopia show a lowered basal metabolic rate.
When this was brought up to a proper level it seemed
to have had a definitely beneficial effect in checking
the progres s of the myopia (26).
Jacobs reported that he had given thyroid extract
to children showing progressive myopia, and these were
followed for periods of from 2 to 10 years in the
individual cases.

On the basis of these histories

Jacobs believed that thyroid medica tion is worth trying
in the presence of myopia if there is a hypothyroidism (41).
Costello said that in all ~hyroid conditions the
eyes of the patient will show some abnormality.

-- -

- --

In the

-

hyperthyroid there is exopthalmus while in the hypo-
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thyroid child there is usually found myopia with or
without astigmatism.
Costello first tried large doses of vitamin Bin
cases of myopia associated with hypothyroidism but no
appreciable change in these patients was noted.
Then he tried thyroid therapy and found it to be
helpful.

According to him, small doses should be

given at the onset as such patients seem to have a low
tolerance for thyroxin and will develop toxic symptoms
if large doses are given during the early stages of the
treatment.

The first noticeable signs of improvement

will be found in the eyes.

The myopia will be greatly

improved but seldom do the eyes return to normal (42).
Malone found that the basal metabolic tests of
progressive myopes are very inconsistent.

Some of the

patients are lethargic and asthenic, others are of a
nervous- and high tension nature.

Some of these

individuals are athletically inclined while others are
very sedentary in their habits.
Malone gave a group of myopic patients thyroid
extract.

These cases continued to progress.

However,

two of these cases of myopia associated with retinit~s
pigmentosa showed a slight improvement in their peripheral
fields (26).
On the question of the value of instillation of
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adrenaline into the eyes there is considerable disagreement among the various men who have tried this.
Hazeltine thought that it was probable that
progressive myopia and simple glaucoma are of similar
origin, differing in their manifestations because of
the differences in the elasticity of the tissue of the
eye--the more elastic and distensible eye stretching
into a myopic state, and the less elastic yielding at
the optic nerve head.
0

By using whole adrenal gland extract, Hazeltine

claimed improvement both mentally and physically in
5 cases of progressive myopia.

This physical improve-

ment in turn wruld, according to Hazeltine, give tone
to the fibers of the sclera, thus arresting the progress
of myopia (43).
Hird mentioned that far five years he had been
prescribing liquid adrenaline (l:1000) drops to be put
in the eye three times a day.

The cases he selected fer

this were those showing definite progression.
According to him, the number of cases he followed
up was limited and the time was short, but 80% of his
cases showed no increase in myopia (5).
Malone obtained very encouraging results in a
group of myopic patients by instilling into the conjunctival sac 1:1000 epinephrine.

He used the follow-
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ing proceedure with these patients.
First a thorough history was taken, then a
complete examination was made which included the
manifest refraction, cycloplegi~ refraction, fundus
fields and tension.

If the patient was seen for the

first time with a myopic fundus and a history of
glasses having been made stronger and the examination

-

showed that progression was still going on, the case

---

was immediately classed as progressive.

-- --

-

If it was not

obvious that the patient had a progressive condition
he was re-examined in from 8 to 10 months and if progression was then established he was given appropriate
treatment.
Patients were given their full correction to wear
constantly and l:1000 epinephrine was given to be
;

dropped in each eye twice daily.

No change was made in

their habits or restrictions made on the amount they
used their eyes.

They were re-examined in from 8 to

10 months, and if no progression had taken place, the
glasses were continued but the epinephrine was withdrawn.

They were then instructed to return in from 6 to

7 months for a check-up.

If no progression had taken

place, they were placed in the arrested class and
instructed to return annually for observation.
On the other hand, if, at the end of the first
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period of use of the epinephrine, progression had gone
on in spite of the medication twice daily, the patients

were then instructed to use the drops three or four
times daily, depending on the amount of loss noted at
the second examination, and were instructed to return
in from seven to eight months for a recheck.

If

progression was found to have been controlled at this
time the epinephrine was discontinued for from seven
to eight months, when they were rechecked.

If there

still was no progression they were then placed in the
arrested class and instructed to return for annual
examinations.
Malone studied 574 cases of myopia of which 104
(or 22%) were of the progressive type--this includes
4 cases of keratoconus and two of keratoglobus.

Of

this 22% of progressive myopic cases, 1.7 per cent
progressed in spite of the treatment.

As va rious

other authors had reported from 20 to 65% of myopia as
progressive, Malone considered that these untreated
cases constituted a satisfactory control series (26).
But not all the reports on the use of epinephrine
instillations were as favorable as those we have
mentioned.

Wiener says that he had not been as fortunate

as Malone with either the small number of doses used or
the length of time the drug was used.

He used a minimum
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of 3 or 4 instillations daily for at least a year.
The patients were then allowed to reduce gradually
the number of instillations, all the while being kept
under observation at 3 to 6 month intervals.

He never

saw a case of true axial myopia imprive, although the
majority of them were either checked or slowed up.
However, in every case of conical cornea caught in the
early stages, not only was the progress arrested but
the refractive vision was improved with treatment (26).
Benedict tried the use of epinephrine in the socalled malignant type of myopia and in cases of
keratooonus.

His results were not as good as Malone•s.

Many of his oases continued to progress in spite of
epinephrine and full correQtion.

However, he felt

that there was, if anything, less degenerative change
in the eyes in which epinephrine had been used than
there might have been had it not been used.
He did not believe that myopic changes were due
to lack of epinephrine.

Patients are seen with adrenal

tumors and a tremendous amount of epinephrine circulating
in the blood, and, on the other hand, patients are seen
with Addison's disease in which the adrenals are
practically inactive.

Neither group of patients is

distinguished by any refractive change.

He feels that

if epinephrine has any effect, it is through local
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aetion and not in supplanting a deficient hormone (26).
Ellett did not observe more than an occasional
cessation of the increase in myopia in his myopic
patients who used 1:1000 epinephrine hydrochloride
three times a day for a period of a year or more.

He

reported quite as many patients who received no
treatment or only wore glasses and followed a hygenic
regimen in whom myopia did not progress.

His experience

with epinephrine, therefore, was not encouraging (30).
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VITAMINS, CALCIUM, AND PARATHYROID

Vitamins, calcium, and parathyroid extract have
been advocated as a treatment for myopia.

Law in 1934

treated a number of progressive myopic children by
giving them calcium and parathyroid extract.
All subjects for his investigation were proved to
be progressive myopes by observation (under his own
refracting) for at least 12 months before treatment
was commenced.

No change was made in their routine

other than the administration of the drugs by mouth.
Some of the earlier cases were started on calcium
lactate gr. V c ext. parathyroid gr. 1/10, b.d.;
later all were given tab. calcium and parathyroid P. D.
and calcium .l,b.d., for reasons of simplicity.

No

conclusions were drawn as to the efficiency of the
treatment until nine to twelve months had elapsed at
least.
In preparing the graphs the following arrangement
was adopted.

The refractive error of each eye in

diopters of myopia was plotted vertically, in cases of
compound myopic astigmatism, half the cylindrical error
was added to the spherical error, and the sum taken as
the figure representing the total error.
was plotted horizontally.

Time in months
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The cases were divided into 5 categories:
those who satisfied all the conditions.

first,

These numbered

17--13 of them showed definite beneficial results from
the taking of the drugs, 4 gave ne gative results.
Second, those who took the drugs but of whom the final
record was obtained less than the fixed time after
starting.

These number 2.

If we disre gard the short-

ness of the period they would both appear as good
results (graph 18 and 19).

Third, those who took the

drugs for a short time, and then discontinued them, but
did not cease to attend.

There is only one of these,

and the graph is remarkable in that it showed that
progress of the myopia ceased while treatment was
carried out, to recommence when it was stopped (graph 20).
Fourth, those who took the drugs, but did not attend
again.

These two cases are valueless as far as infor-

mation ·is concerned.

And fifth, those who refused to

take the drugs as directed.
5 of these cases.

There were,unfortunately,

Law was, however, able to obtain

records of 3 of them as controls.

It was seen that in

two of them progress was unchecked.
Law made a composite graph of the 19 cases which
shows at a glance the effect on the refractive error
that is obtained by taking calcium and parathyroid
extract.

He concluded that the majority of cases
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respond favorably to this treatment and these drugs
should be given a prolonged trial in cases of myopia (44).
Cridland in 1934 stated that in his own experience
calcium did much good in cases when myopia was developing along with the rapid growth of the child (44).
Flemings in 1934 said that he had prescribed
calcium for a number of years and was encouraged with
his results.

In some of the cases in which the blood

was checked he found a lowered blood calcium but a
raised phosphorus level (44).
Strebel in 1937 described four cases in which
myopia developed after the twenty-fifth year, with
coincident disturbances of the whole calcium metabalism such as often occurs during pregnancy, especially
manifested in deficiency of the teeth.

The cases

presented a parallel between metabolic disturbances of
the teeth and sclera (elongation of the eyeball and
myopia).

Because of this he felt that there was some

relation .between calcium metabolism and myopia (45).
Brana in 1940 mentioned that several years previously, after taking into consideration the frequency
of raohetic signs and high percentage of caries and
dental abnormalities in progressive myopia, he had
surmised that pathological weakening of the fibrous
tunic is produced by disturbed metabolism or by
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nutritional disturbances.

Not only bones and teeth

are affected but the lens, epithelial structures and
connective tissue also.

As a resu lt, for the past
-

several years, Brana has prescribed cod liver oil,
calcium, phosphorus and a vitamin rich diet to
young myopes (46).
Blackberg and Knapp in 1937 fed dogs a diet which
they reported as being deficient in vitamin D and
calcium.
The e yes of these animals were carefully examined
after they had been of this diet.

In the corneas they

found thinning of the epithelial layer of cells,
cornification of the surface squamous layer, and
dimpling of the epithelium.

There was irregularity and

edema of the lamellar structure of the substantia
propria.
In the sclera they found changes somewhat similar
to those seen in the corresponding corneal layer.
Diffuse edema of the fibrous tissue caused a swelling
of the sclera.
Since the sclera and cornea were weakened,
Blackberg and Knapp thought that there was a possibility
that the low vitamin D and low ca lcium diet might be
a n etiological fa ct or in myopia (47).
In 1939 Knapp reported on a study of 53 patients
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who were chosen because it was believed that they had
myopia that would progress.

Their periods of observa-

tion varied from 5 to 28 months.

These patients were

given vitamin Din the form of Viosterol, and calcium
in the form of Mineral Mixture tablets.
latter varied with the milk intake.

Dosage of the

If a patient

drank one quart of milk daily, one tablet was prescribed.
For each glass less than this, two tablets were added.
During the first three months the majority had been
taking the medication three times, the tablets were
prescribed before breakfast, all in one dose, and the
Viosterol, 60 drops, after each meal.

This changed

routine was adopted because it was found that calcium
is best absorbed in an acid medium.

Otherwise the

patient's diet and regimen were unchanged.
The atropine tests were made after the patients
had had one drop of

1%

atropine three times daily for

three days and a tenth drop on the morning of the
examination.
Of the 53 cases, insufficient data were obtained
on 7 of the patients.

Of the remaining 46, only 12

patients took their medication regularly.

Of these 12,

6 shov1ed a reduction in their myopia; 2 remained stationary, 4 progressed.

Considering the 46 patients,

without regard to the regularity of medication, they
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found that 16, or 34.22% had a reduction in their
myopia; 7 of them, or 15.19% rema ined stationary;
21 or 45.57%, progressed; and 2, or 4.34% displayed

a decrease of myopia in the left eye and a progression
in the right.

In other words 66.67% of the patients who

regularly took their medication either manifested a
reduction in their myopia, or remained stationary.
Taking into account the entire series, 50% revealed
either a reduced myopia or were unchanged on re-examination.
Knapp sugg ested giving calcium and vitamin D to
patients who are showing a diminishing degree of
hyperopia and are approaching the axial myopic side (48).
Malone in 1939 stated that he did not consider the
work of Blackberg and Knapp convincing as far as it
relates to true axial myopia and not to corneal
involvement or corneal disease.

It seemed to him that

the cases reported as improved were either weakened
corneas due to la1 vitamin D intake or else possibly
the result of lens changes.

He st ated he could not

visualize a rigid wall such as the sclera as actually
shrinking without showing signs of wrinkling (26).
Fridenberg in 1939, with reference to Knapp's
article, said he could not understand how the wellknown tissue changes and alterations in the ocular
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proportions of myopia could be reversed.

Also, if

myopia is scleral rickets and due merely to lack of
calcium and/or vitamin D, he thought that we should
expect a large incidence of myopia in systemic
conditions such as fragilitas osaium with blue sclera
where the sclera is really almost calcium free.
Furthermore, it ought to be shown that myopia is more
common in rachetic than normal children (49) .
La.val in 1941 showed that the diet, which Knapp
and Blackberg bad fed to their dogs, was deficient in
vitamin A as well as calcium and vitamin D.

Then

Laval pointed out that lack of vitamin A has been
repeatedly shown to produce keratoconus and that
Blackberg and Knapp's dogs were showing typical
keratoconus due to vitamin A deficiency.

Therefore,

they did not prove that lack of vitamin D was responsible
for the ocular changes in their experiments .
Then, Laval mentioned the fact that of Knapp's
46 patient, 26 were observed for only 8 months or
leas, and some for as little as 5 months.

Laval said

that with myopic subjects the increase of myopia is
measured over a period of years, not months, and that
Knapp's cases should have been followed for 6 or 7
years.
Laval quoted a case of one of his patients in
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whom, over a period of 20 months, there had been an
increase of myopia in one eye of only 1/2 diopter
while in the other eye there had been no increase.
But on checking for the entire period of 4 years and
7 months, during which time the patient was taking
Viosterol, the increase in myopia had been 1 and 1/4
diopters in one eye and 2 and 1/2 diopters in the
other.
Laval further asserted that deficiencies of
vitamin A and vitamin Dare very uncommon disorders
in New York City and that we cannot show that myopic
patients have had less than their share of vitamin A,
vitamin D, and calcium in infancy and childhood.
Laval's own work with vitamin D did not give encouraging
results.
Laval concluded that we cannot say that an increase
in the intake of vitamin A or vitamin D and calcium
will make myopic subjects less myopic or keep myopia
stationary (5).
Williamson-Noble reported that he had been
administering calcium, parathyroid and vitamin D to
his patients and the results, he thought, seemed to
justify their continuance, although occasionally one
of his cases, after remaining stationary for year or
so, would begin again to increase (5).
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Hird mentioned that he had had the blood calcium
in progressive myopes tested but had not found it below
normal.

Also a patient was brought to him who had been

taking parathyroid for 2 years and yet his myopia had
increased 2 diopters in that period.

He did not feel

that a case had been established for calcium deficiency
in myopia (5).
'

Yudkin mentioned that in his own private practice,
the use of large amounts of vitamin A and vitamin D
did not produce favorable results in myopia (50).
Cowan said that because myopia is often associated
with disease, particularly low-grade uveitis, every
method of examination should be made to detect the
slightest evidence of changes in the cornea, iris, lens,
or fundus.

These are the conditions that might be due

to some general deficiency disease in certain nutritional elements, lack of vitamins, lack of calcium,
faulty endocrine secretions, or any of the many other
etiologic factors suggested as the cause of myopia, but
which really are the cause, directly or indirectly, of
a chronic disease of the eyes.

The ophthalmologist

is required here to treat a disease, not myopia (30).
Ellett said that some myopic children need certain
vitamins, especially vitamin A, but there is nothing
specific in their use as far as myopia and its progress

•
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are concerned.
According to Sanford Gifford, if myopic patients
need vitamins, they should be given vitamins, and if
they have rickets they should be given vitamin D.
However, he said that he did not think that anyone
bad ever proved that in a large number of myopes there
is a deficiency of vitamin Dor any other vitamin any
more than there is this deficiency in the average
population (30).
Myopia has also been attributed to a vitamin A
deficiency.

Miller concluded from a series of

questionnaires sent out to his patients that a large
percentage of myopic people are prone to discard fats
and other essential foods from their diet.

Furthermore,

he states that at least 8% of fat in the diet is
essential for health and growth because of the vitamin A
this fat contains and also because it is a solvent for
carotenes.

He also found that rats which were fed fat.

deficient diets had thinner scleras than normal rats.
Miller, also, mentions the high incidence of myopia
in the Japanese and he wonders if this is related to
their poorly balanced diet which is especially low in
meats.

Miller says that it has been shown that the

cornea is weakened by lack of vitamin A and be suggests
that the sclera might also be weakened by avitaminosis
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although he admits that this bas never been definitely
shown (51) •
Butler: in 1943 made a study of the statistics for
the City of Coventry, England for 10 years beginning
in 1923.

He found that the ~:lPJm~nt curve and the

myopic curve were very s1!nilar, the incidence of myopia
rising during or shortly following periods of widespread unemployment.

He concluded that myopia is

connected with the curve of diminished nutrition (19).
•

Because of the controversial results obtained
with the use of vitamin and endocrine substances, I
do not think that they should be considered as a
regular part of the therapy of the common type _of
myopia at the present t i."D.e.

But I think that the

possibility of an endocrine or vitamin deficiency in
a particular case should always be kept in mind, and
if found, the deficiency should be treated.
Strebel's report of the 4 cases of myopia developing after the twenty-fifth year, with coincident
disturbances of the whole calcium metabolism, suggest
that certain types of myopia may be associated with
an endocrine disturbance.

But no one has definitely

shown that there is an especially high incidence of
vitamin deficiency or endocrine imbalance in the
ordinary type of myopic patients which are commonly
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seen.

This makes me seriously question the value

of the use of these substances in myopic patients as
a whole.
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SUMMARY AND CONCLUSIONS

The classification used by the various investigators is so indefinite that one often is not certain
aa to just what type of myopia is being referred to.
Knapp was referring, in part at least, to cases of
keratoconus, while Pascal was discussing pseudomyopia.
The term ttprogressive myopia" has a number of
meanings, depending upon the investigator using the
term.

Some men regard progressive myopia as that which

is above a certain number of diopters in degree.
Others consider progressive myopia as that type which
is associated with pathologic fundic changes.

Still

other writers consider it as a myopia which progresses
faster than a certain rate.

•

Some men, such as Graves and Nugent, hold that
the simple low grade myopia will develop into the
malignant progressive form.

Cowan, however, holds

that the mild type of myopia due to heredity never
develops into more malignant forms.

Cowan also says

that myopia may be the result of ocular diseases, but
in these cases the primary disease, not the myopia,
should be treated.
The percentage of myopia that is considered to be
hereditary varies greatly among the different writers.

74

Also, there are varying estimates of the percentage of
myopia that is definitely pathologic.
With regard to the results of the various forms
of treatment, the very nature of myopia, stopping its
progression spontaneously as it does, makes evaluation
of therapy difficult.

Also, the results of most of the

investigators are open to question.

Marlow, Graves,

and Nugent did not get the basic atropine refrac~ion
states of their patients.

Baum and Stoddard did not

observe their cases over a sufficient period of time.
To further confuse the picture, writers obtained
different results with the same type of therapy.

The

results of the use of vitamins and endocrine substances
varied widely among the various investigators, but,
because of the encouraging results obtained by some,
we can hardly disregard these forms of therapy altogether.

Cone lus ions
(I)

There are three types of myopia.
(a) PSEUDOMYOPIA-.JI1his is due to a spasm of
acconnnodation.

It can exist alone, in

combination with true myopia, or even in
cases of a low degree of hypermetropia.
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Pseudomyopia may be completely eliminated
by orthoptic exercises.
(b) THE BIOLOGIC TYPE--This is hereditary, of
low degree, and stops spontaneously before 7
or 8 diopters of refractive error are reached.
Normal visual acuity can be obtained with
proper correction of the refractive error.

In

this group are the vast majority of myopic
patients .

No type of therapy is likely to

alter the predetermined growth pattern in this
type of myopia .

At the present time there is

insufficient evidence to warrant the use of
vitamins, endocrine substances, and base-in
prisms as a means of stopping the progress of
this type of myopia.
(c) THE MALIGNANT PROGRESSIVE TYPE--This is
characterized by diminished visual acuity with
full correction, and high degree of refractive
error.

This type of myopia is rare, probably

under 1% of all myopia.

These cases seem to

have a hereditar y basis, but there may be an
association with general or other ocular
diseases.

There is no satisfactory treatment

for such cases, but I think tha t in these cases
every effort should be made to find and correct
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any other pathological condition which might
be present in the body or the eye.
(II)

There is a need for more careful experimental
work to either prove or disprove, definitely,
the contradictory claims made concerning the
effects of vitamins, endocrine substances, and
base-in prisms on the progress of myopia.

I

would suggest that the following conditions be
filled in these experiments.
(a) The patients should be thoroughly examined
for endocrine disturbances, nutritional
deficiencies, and for evidence of systemic
or ocular diseases.
(b) Refraction under atropine as well as manifest
refraction should be obtained.
(c) Larger numbers of cases and equal numbers of
control cases should be used.
· (d) Experiments should run for several years and
results in leas then that time should not be
considered.
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